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1too T_ '0...... 1l)odt..Uu ..f art........ ~NatM h
J_.,. 1__utb& _c _ ~ttM _17<I"'Uc S....t.ru.
ftoo. onpa.ol _n ...... , _ lau So 11:. Lio, "uon. J. II. Dol1etr<.
J. S. """edl. _ I. J. TI'a<:1. Q.al.-...... II. I. ,. lI·t....
~.............1_ lk. Lh to. Ajortl 1"1. J. II. Oollnr G"
_bu4 Qo.a1... 1... ' r 1962, _ S. II. ,._"__ .........
too _ T..t ro is oe_. 1"3.
n. _ 1 _J...t"'.. of _ Tut roftOl .... IUU• .,.
.... J. "'"u ~ ""<01.- of _ ~tU<lo on .,..••11"
.....hI (..11_,
"'to ••t-htoo tINt ~l,""laa -.I 410._.....1. of laf...... toa
.......'n .-. _ ,orlor-". ch• ....,..rl ••t"" of tlla
1lyd Uco of 141'1': to (oot....IMI , __" oUu...u ... of
n "" n ... lto In lb........10\>_. of I"",u,"••0.1.,. ' ....OId~ ..... "
no. T.." 'or"" 10 t~t.4 to _t tb... olI,•••h •• loy ''''''''1"•
... _nbnot........U to ""U....too 1 ,ot_ttt ruM"" tIM ,n>I>l_
1...,1_ h tIM ""'U,,11" .s.o1p of brldpl to , noutd
UbltOJT""" I_rlaiq _ Ita" of _ .n. nob _n t~... t.
Ile .... t"- ....._. of _ ....U ...l. _10., It .~4 "' ..
.......<"'1 <I1..,••too of _ pruIol..- _ ..... ortMlo _ ,.. _.,
t~r wtdl ._ .. ·"'1..... __ott_ fot ouu...... no.
..11_.. u n ..r tllI.o _11_.
lIoII~ _ 1>1.00 .~... to ...__ W_tl_ ......"'"-..
••
n... (tnt ,rap_~... "" t.Ile T.." Porco ... at tile _ ••
-u.. U Ko7 lMO. '.,.n _n ,neMI:M ..,
J ........lclll ... '"!Ioo I.fr~ of "... 1Itboo ... n ..... n .....
tII~ In. e-trl<:t1_,
Po r. It..,. _ :I. V. Delt.a= "llf.r.u~ of U ... r '1_
_ rArdl an •
J. _ ... "n_ tIt......... IIolCl4t I .. e-,rtdl_~
v. W.~ _ It. 1.. UN"",_ ... '"!Ioo IUhe••r· Ii' •
b up. Opeol o..-t.'
I. 1i!'Mb&uOI
aU_t _ u.. n"""tlttd ,......r.oU..... h74 10S1~ _ "Yd...Uc
_I....... d_l, l.a.......l.ud. I>.,. I:Iw n """"UOl'aU_ of
_ .f _ ......... ..,. bftl... .".....1.1. _I!tent... of tile
lM,,-'•••f ......_ .1' _ • nlKlOtI.. 4p.lo. U ..,. ...
p....Uubl•• _ eM hyd lh dellp .."""t, to "0rt _ ""'pt-e-_ ruto .f • ' ..U r • ."nd._la ...... _ ... ben
Uot.l ... _'.. 4.&1:. 'OId~ ..,. k ....,s.... .,. _ JrrIr.Ue
_I_I', cop_...U:lI. hhf 1lO111utl_ .f .......os.. _tun .......-tq
•. my··em
••• l1li_
At _ 1Ii_.... b7ol....u. Itt •••••,,~.1 ,rtqo ..,. ...
::':::':'~~~:.:~.:::.__ tiP"• ....t..U •.Sm, ftC C "'W1UI, .....
,.
2.1.1 IJlTI U 4T J. __
_ ~"..u."" .r _ '"Up.
2.1.2 fm U .. "'l'lGUUIlIITWI!IJT
TIM ....a..u .. ~1..._t1_ rill ...at,.. _ hi"*,, of __
Mlpt -.l 1.,..eh ..1e11 _zoeed tM .eq,,~......t. f« th.
"""ullll",, of u ...1....
TIM ,..._ of -. _ ftIOt'Iln _ ............ 1_.--" .-
_" r« """•••Ue ...._.
2.1." lUll U til ,\ flO Ollllt.Dl.IfI BoUITAT
...n_ ~eII .... M. ~l. or. ii.n1q _ ......'_._.
M ....~ '"' ,rt""",,-. U _ ._"" .....1"'"00 _ ,-.up.
_ 1lJ....Uca of ella .....__ .. bal.-,lUeaat.
.... , .. ,eel" .,.... ta .....,. .......... -au
U.r. III ..... AaO .. _ ,. __ ce_
.,
••
Il&jo~ ........h ..t"". til the I1a1tood St.... I"S"al". ill hydNlo&ie ...,,11..
of fl_1 -.d thool • ..t.. ill....... rwlated to .Iwo Itudt-o.
(dut Ch".,o)
A. redlnl ......cl..
Ca) lIep• ..-t of qne"ltun
e, SoU eou.....IU"", ......",... (1"') • 1>1 "Pu",. flood. ."", • ..,1
-.I .Irlcultllnl 1/.tlnhlOd __ot nt-cd" __ t fl_.
~. "arlolllt"nt ".Iuclo Slm... (1~'.) - In bait clI to
oIIto.1A lof_dOD ...._ for ""un_ flaod 1 _
....In,," to
c. r .....ot s."""'ee (1_> - Ia flood ....·...7 Mel .ff.et 10 fon..
......
(bl ~lU'UIIIv.t of tIM. A....,
e. eo.,. of !!¥Ip....... (1$02) • 1>1 flood """.Nl fot "'JOt tloou.
1. OfUu of tho Chilf of !D&11U1"....d offl .... of 10 Dlrl.l""
EoIp_n - :til pIUI...1 ad putttul.. ,"",,1_ 10 the lll..dct.
2. 1I1.., ..1P1'1 Ill.... _ ..101> (l893) 1rI 1Il..1... tppl Ill....
flaod pl'Ol11_.
3. II........,.. Eolpo-rl-..t Statloo (1928) _ 11> ..at .......t •••
(Ill lIepe.u.ot of C_...
I. IIo.ltlMtt Ilt&nau (1940) - III flood tolll.tl__ f .....eattha
_ "1...nd"••IOI:I of cl..lp ent h •
... IlunA" of !'tlIlllt _. (1949) - In COllt __ell.. nOO<ll
n1atlOd to th. dul... or hrldpo ..,d cul_<1:••
(<I) l)opu~u of du, t ....do•
•• 1Ia•••u of loel_.l_ (t901) • to. n- pt<ll>a- fot tocl_tt""
p""l·eto.
1>. Gooloai ... l hn'a)' (l879) - 10 flood <I.u con.etl.... , ."",,y •
....d ....ly.t•.
•. '.do-..t eo"""..U""(.) r-..... '1'011.,. Autbo'l'lqr (1933) • l:I ,..""..... V.U.,. flood
........1._.
C......Uc Cotpo"..l""" _ to. flood pto1>l_ of tho ,.",le"tu ..stOOl; for
._1..:
(a) 'hUbutlll nood~..Ioo (1908)
(1)) Ill..-l CoDa.........". DIH'I'lct (19U)
(0) 1M. Impl.. eo-t)' nood CODenl Db,det (1915)
(d) ,rEkU.. CoaD.ty e- "l' D1H'I'lo. (l915)
(a) _U.S- Voll.,. C""" qt Dbtnet (1931)
D. SU•• _ Local ",-"I...
r o tut ...\ Ioc1atia. _ 'H .....10.'
(&) ....-c_ " IttJ ., el"'l 1qI.-.n (1151)C'o) n I' 7 5" ,.., ..... (191')
(&) '1P11tJ ., .-n.a- .Utay." t. (191.)(G ....-c-. I Ii) ., ....._~ -15_ (l9l0)
'""" ft_ •• n __ n-.,. t.- • _,,~ t .... __• ftlo
_IN...f tho ._.d~_ &ut...... __ co......, 'I".
n_ Oft _11, -...qCn' t1J't _ "",.OlIltc ..dp "f belli..
~_. '""" Ilol.l, Ill....~ .t~ 'tatt_ ""_
rrt.d.pol Ill.... <d """ 1Iat_ n ~lN
""_ 1111 _ 1m '" _ 11~ ..nlClll. 1Iod_ 'uta
'""". _ .t- IJ4' '" __r _. (1)
11 _ <d n. u........ mn.•• ""I'" ... _nt1,
...allabla _ tho USCS "1Jl...l ottle.N t1J't _ .-s.,al
P&l d_. tho .... 1.'_"__ "" u_h.-.l tato
..~ tatoo_t",,_ tll ttl__.. ta .. "-'r of
"'"~U_ lIM 1 n" ,,_1 n- ..co.... _ 0..
,..Uohd '" tho _n. CII. uses _ ot.t. ....,t••. (2)
2.2.2 DUIc:II fUXlD _ IRlJl(l!i 0lI lWml stUA.~
If _ b..U .. t ...t or DOor 0 sast d fo t ...
....,,,<40 n.llol>l•• tho u ..n .toell cord _ !HI
..tal uUott l ..1,.to of tlMo po_ .toell o _
!HI fo p• .,.... or , ..lI1ctl". """ p"ak .toell to....
OJ>Ocltl tell p"rl....
lllon. 1 _thoIIo or ft_ f""t_cr __ I.78Lo.
L J. _1'. (J) -r_al.. ........,. Lo Ortool .... h
_,...,U_ rim .. a:ot...- ..01. ,"""_Uit, ,_r ..rt_
'" I. V. ,-n. (4) lUo __ .....L... _11 _nad. of
_ -r. _ for ntftd_t _. or ,.aft. f_ lIM...
• _ ....: :.::.:;_;. "',eq~_." 1.0 _,""", •
.... 0) 1.» ' .'lItJ t- .. o1H "- en 1_1,
_ .. _ .....' __ .. I ....._. .. 'rr. _(6) ..
"7 ' .......... r.lU__ ••,...~_._. _ fw' I
••
,.
....tell • n..DoLo ••rd.....U'O n.u. ., n.- .......1_
_ ... _d...r ... _ <1M ...._ ...1... l.oor7_Ul.,.
......
.I. __ .r ... _<lo0<Io .r -..l.JOb .r n ... r""t....I.. _
, .., 1»' the ••__COO .f the J.la. 111"".1... ~tt.....
n AJCI(7).
2.2.' DQ'lGII nooD. alDGl mm. S1QAK
11 ....d..,. t.o lao.o _ptIOOII u ...... __
...,..1_-...u: .. clu.ti. foc.....t af ••olafo1l~.-fr
..I.ti_,. c.,. bu..... (a) .f tM 11. t of f\lbU•
....... 10400 ......1 _th04 ...,U._I. to ftllJ.oa r
_ lock, _W lch 11"". tho ...1... ,.ok dl.chu t~.
_. np_ ",11:10 r... .,. of ~ JOot _ t1d.afdl r"".M .r
-.I..,. Pot tlnolan _. ot_ uola.. _11 ............-...
•• P. '--COOt (9) ••r doo .........r _U. _. __~
~ tn.l.. fot .....1.
1'_ r. ClooII' (U) to..
u.. 25 _ ....U .. l ......d bot or _M 1115Ul Mood.t...
(Ill)
_ ....~ ...Ic __tloo<lo •
• __ of ... _rt f... _11 .......- .... _ 10 00(Ut0
...... &co _11-S- COO 11~ •
...... •............ _ ..._ ....h+ ..._~t
..._ ::':Im::.:_~:.~...::...::.:..:" "~_'I.,. -...
- ..... ii'·" .eI ......UdQ'fM h.p
•
••
• _~u llntq of _lnul (o.-IM fn ,.. oIUdiaqoo
..u ....u.. Yo _ .......... ~ 'f.. ,.. a.-(Il).
1.2.4 DalAl fitiQtlik.
'ftloo N_ ,.riM _~U._~ b'l OJ' -.t,..b ia ..
...~ U. bt<l~__ ..-. __ U .., _te'C _ .
-..., .. dot ' .......IU..,. t oec.r hi ..,. _ fU'I".
ftroo _,..1 IMt~ fttllft ,.rt_ .., lap _ dooo _"-.
no. " tt t. _I..... u _t.et • _I... n -"tell b _ Ubi,
u __ art•• "'" Ue. of ... nnoc......... It h ......ry to ...
• ...t<on ..11.... ......,... a_ tt_tM ••tol lit, or tho
nnct..... U ..l.,. .., _t (14) 11'" Un. ,.!"looM ' ......."'"
Wu...... panllllb1<l rto.k or t.u IhftU " 0.01 Ot
0." 10 • _ttoot cooU ..... _flta t,.on_« or tho
b. _nda eM" It 1.1 r..,.tftoll to "-" ......el.. or •
_nau "ua.•••~. To _uot. CIllo l.ro....U. U 10
..-.11, ........ _tab. • dt.c,,",-"- .r • __If "U"
....' CIO _ call..... _ 1rI:tIIop..... '" ..... n_. _
n-..... • is .., M ,,__,....~ "'.....
.. .. '" -........ ,' _"'" _~_ba_
5 ell .... __ "*_ it .,•• II. Iq:b....... _
..... :
... ,--_~. _ • .-l1:J ., _1Mbt
no' ;':.:.::'?~.~:_..._
_......... .' '..... -"-----
.u I .., d' : .t.rtes .r _ ftten' '. ,.... _lot,
_ _I.... lPf' ..,...(1'1 _1"," _ .a"al~.
~_'"'"" _. _ .f Tqlor ... '" , (16) ... dol _
... _lot .t.t~lc SUta, tUt ot .(l1)to JodI.", Ole.
~Ioal.u• .",.. "Jd""P'••• lPf' IIl1U_, (II)
C_', (I') _ I>J tllo loll COII••mU"" krv:lco(20) 11"
C!lo totlo of tM ...clwoqo ... tloo pe&l< dt......... "" ..... 01
"'" n.. dr............1"1_ .n._ .... "" ,n.ac1,1 ..
--.I,.. -ti,. __ ot dol _ .....1.,., _ _
••uU.... 001 til. " ..11 of till Un.. two lloa CIw>w(t::)
I>.- .~...... lb•• _ .. N"'" at n"" .n _.1"1. 1" • e..n.ct.d
I. !ba no. 11 ..,.......Ulul dr. dolo n_tu•.
2. 1M It.. tIIn.p _ n_tu. tr_ .......
cd.Uul UO .-rtUIt&1.
,. fto. It. 1& ~tlcol till III • dolo _1......
4. 11M no. dr. .. l:1ooo ....-Itl .-ntlco1
to ._ftI1UClII •
... rtftil n ... "'11- dU. "" "rid........11...1... 10 •
IdU_ In'" ft. .." 0ClCIln _ l:1ooo " ..I. _t,. t•
.. .. _, _ ...e-c1••
u., •••,•••••"•••• _ ••_.~mm•
.. , s..=~::~..:'_._ __..
__.. ' __ hI
,....'.....IS _ ..' _.,_'...., _
.,
...
_ Jftp&_ ~ J ••• "'''loo7(1l) .f tllo ...... of llc
.-.. ,.~ n ... "'11eo ... I _ "_.t.~ _e , Clot.
... petae ,.n__ ..1 JI't'Oftla{UI. 'riot. ,noUIo ..,
'- u.1QlIU" '" tllo ...Ml __ of 1J"~1, ...... n ...
'Do _e CO ........ '-.on ._...I ....U_ 10 ,. llIla
-n... "'ell CIIo& louCl... b .....l_~ ., ,rtd..
0) _ .rtf1__.". floot to a.,u..lluU, lu••tf~ct.e
_ .-rl_ n ....
., _ • ul.t" of _~lo ""tdo __ .. _
._.
c) CIIo ....r.f -n."l.q.
_.1... '_bO~ ..,.,~ n_t...f • _ ...tto_ .f
,.""'unl. _14 M <10........ 111 .ocII l...und...l cu••
1.1.' lDQT,n~ 111 lIIlUnllll '" IAI:IlIATIl
_Ued. .t nco.dM oad to. fnq....."" .., M <Iot.ftl._ ft_
_ U ... ~,dn>IJ""" .t _ .t" '.t Ch.t ' ..........".. _ , ...
_ ..-u, ., tllo COXIotrtut... If __un ...,...1 « ...
.. o'c..... floMb. of .. on. _ tllo lotan,.U.. of ...rtah
..niow.... _r.U _ fblE-r .f dol. "- ~. M
...taotad. .,.. ..- 0 I> ' _z ._lawCl.. In
_au. .. fir i "iI' ....c _t....u.
•••, _ .0..' " _ 1IIl", ... •••u _
ft., , _ rUIl (~ "" _ ..... CII>......-...
n-~_.... ..,. ... _l-uod ..,. _ of _"-1
...... ,u. • t. _,-..u. wtdo ~aoollc
_1.. __ 4 ....... h _1_ 3.
2.Z.' lIDtuet rt.oOD 1I1E1Wll:1 __
OlI........U_ Of 101.,. ...too. -. at b.,Up .....uaeu_
..,. ot.. "- _ willi ...... 01 uhnd.D10' n _
_ •••,_.'t __ ftl....f _ oUodl.up ....fflo.l_U to.
tor~••r.~ _ b...,. a • clRlll- .f doe
II. S. GM~"l .....,.Ul)
Z.3 SIn ea.t.UCI'IIUrlC
•••rt."" of ,..",1...1 f ..uno ot ... oH••_1~ 1M _U....4
l!I ••1'..... tile 1I7'd...ll". of • brU.. ot no. ott.. n..
bJ<k_Uco ..,. 1M <ll1h... I .... tile _1 n .... _ I .... _
(~ floor.
J.).1 DIll ""1 fur
u.
"ai_l_ ., n- n-. ...... n .... ,Ida ..,. ""7 ..
.. ~, '"' dllt~•• •
__-So ... f~ _ MblI ...... tIM "CII•
•
•1••
b _.10.. c 1.., at _ dU. _"1 d_
a_boo of u _no. -.I _14 I>e
...~. _.cu at • louU 1 I •• _ .....t t.t
.. 'J...., _t IN _t.o1M4.
I. J.2 Ta a.c.IS or Ta IftZo\IC ILI.T~
~ .....1 n- _ atrto_ .tU £01'- __n of _ I_
_ ron _1. D.:riq f1eodoI -to of _ lloot ..,. lAb......,
elM --...; __••u ..atJ.-y t._ will .,.....17 lafl-.
_ n_ ,...URI.
a.-l ...... "UI Iffut _ .1..,.. d _ Un... a.-p..
.- -t..,.. _14 .ft..... _1.od.~ of It tt_n.
~t'J (at • .....nq _ntt}') of _ n ,\ '''_1 ..
_tn. of _ llltOo M7 ruoolt t. ",~.uu...f ""'" Up:
_cr_• •t _ .tu _ ......1t 1D _.uu_ at _ ..01 .
,\ ,nru. of ......_ bed 'fn • 4IUMe. to SOIl to 1000 ft •
.,........d _.n•••_14 .. oh.oJ.o"'. H. =_1 ell....
h ,1_', • ,1... ."......tn••hue I •• tho old ell_I ..... rOt
die _ ell , al>olald 1MI ,nopo"" tnIIO ""Iell potuotl_ U_l••
..,. l>e ....I U4..
t.1.) TU nov AM:t.lI Of~ MY no
'or _ 1 11_. _ n .....t. a• ...,...- will ... _ .....Ud.
'" _ 1_ u _I..le ftrl._ .~••r • I~. eM ,...100
•• ~.,_ ..,. • .,. ..til it lAo .......11.- .., _ cIlute...n.tt.,.
...... aU_. o.tt.1.
U _ '"" _ ~ _ ... to b _uct,._ .u.
-'Cl ,. aUt ... _U__ 1a • _ 1..
S? ~ 4. • oW• .tll _. __ ~&l_
dM _ell t.aen_. _ .... 1f tlIoo ...,...1_.. CIl&t •
1-. ..rd_ of _ n. 1. 111 .... _ .....tt••f ....uU_.
, ..._ ..........c-__lodt7 ort11 ........
Mnal "" .,.- ~""'"' _ ,.-'. .ort.,.. " tIla .tu
.n _dlooIa t" ,""lHU tfMI ...t_ f ......~•••_ •• n.a u. s.
fta dbcl>a~ ud ..lodt, ort11 ••.,. .t d1ft"nU 1....U_ to
t"," •..,U... ~,_nl, ... nnlt of e1...... b do?tb .... ,.
noo.,....... TIwo ••1_. t"" tbaH .., loa "UMt"" b'l' _Uol
.....10p04 ~ eM U. S. ;"ol"a:tul ....-p. 'nIb • .,...er __
_ ,tt. dn ••""- f"" 111"'" .,.,....-U.
2.'.6 tD IACEIlI.n:II ww. un ll..-aG 1II fW:~ _iII
......... at ••tt. b offaeu4 .,. _t "f _«Ieu_. t7PO "f
... U. c,.,. of PUO. -P "f a.01lll: (_)_ ....,..nidt7
"'0 '., :~:::':~., :~.~::_:~_:__ 111 ...,~..u.. .,
.,.... "4.~. t .... Oto. Pr1atI.oII Ofn.-. (21)
1.1.' UIlB
__ ... ., _ ... _ •• todoIII at.., ....n.- wi
""
....tell .., h addU1.... ' (I) 10c.&1 .~r .~ .,In .... N ...lt
.. , tIrot. obltN<.U"" to fl... (2) _rot ._r tII.-.. _ 0.1..
-.. _ .... _ ...... lIItl...nlty of lowlI "" ....at....u""
.1 ._. 1M Ill""" __~ ..nott. Mo... __
.- ktI.. Pl.... _ M ",,_/iO' _ ..lbti.ll .... _r
It 111.... er..u.-. (1)
_-"u _tnetM oot ••11, ..........."" ..hl -.. be
FMKtMI f~ ....... '" (I) _ ..1_ al_ 01...f _ .... _
•__."_ t "'" '" Ul ,...-. 04 11.1....r.elU... 81_
...··_t.
Moft delft..,. N 110 11.01><1 Coft Mea",. of 11-'>1.., ".,1<0
oc 11_ ...toon ....-rlDl!l _. 11_ ,1010. tlHt "rtf<
,.U.Ual ohou14.......... t t. "tu.id... .1.-0:1.... of !>n....
2••• 1 __ W,asiMICiOU am
".
~ f ... _ClCOlU, on "_. ",ta ._'·n........._a
oflu 11>0. ."t_ t,,«,&_ to t~. tl_. b, ~.ft"l • ohon""
Mpthl • ol_t1P'I C<lUt....,U"" ntlwt.. ttl"" .1>... &1Id n .... typo 1a
o"UIIo«". ""• .1 .....d. _4 taUhp (If _,) .1>",,1c1 N 1_ IIDd
ItOao1dooftd for tid. ~ of b1U...
" _dt_le... l b'·Up ..n1 lo.... tIMo 1"" _, of tIwt ._n.............
......,c11.q _ t~ _.an 0_ of b.l4- ...... ad ottocta of
tu 1.... to ndUc. A ,,-1,. alia<! ...tile h • ~u flood. U
ottocu.
"" • hlp, ponl.... of ar-d .r ....... of ,_• ..,. ,n9l<le •
..hu1 4.1$1.. of tlMo nOlI to _ brid...; otlMonrl.., tIwt doool_r
_. cIlooH • _ttruy l1..ial... TWo rna of _,.et.... orlll
<lid I.fI ....... I:loo cit","'••
•UJ .... _1.M:l_ -'C) bI __•••r, _ .11....
CIJ "1o n r a., .... "'"'" _C "" • .~
...
.. -.. u ..__tn... of ~ ~..u.•.
'1M nu..f "rt.... _t k .1_ .....0••__,.._,,- tIoo n_ n_
....Uldota f _ -"tt_ or _.te•.•&1.•• an
_ ...~ ltu ef 1ft. eae.....,..•. (1)
, •..-1W.. or tt.. ,toot t ••fluti... _t, _ tt>e
-.JOt &.<1. or _ ,at'" ."NZWotal,. , ll.d to d>oo
approocblq n<JOt_ At de.. _ ... tM n -.y qprooc!l n ...,.tllll
-cIa., ..... l.doonU.....bal. :.. tt.... to .. 111l1b .ute cylh'nut-
.~. ,10••
...-.1001 u ... ... t.
_ "'- It. ,.nltd to t _ n_
.".._111& _ ".Up f~ .. _1 "Incd_ ~~
....
lAou.tory .~..... 11o,h.-.l nau ",_UOIl ..... _1......
... lq-. fw .. .,., liM .. lU.uatH ....t~ -_.cPt., t)
e-- a1M _.1.00 S.I)
____0-
.. -'- .... aM ,lId.a, 1.1I .. 1_ 1.... _ertcu.,
Y.s- _ ... ........ ..................F1*_,•••• (II)
TOE OF SLOPE
















NOT[ I. SHAPE. EL r..PSE
MAJOR AXIS. l.5 MINOR AXIS
Z. FOR NORMAL CROSSING
FIG. I SPUR DIKE LAYOUT
TENTATIVE MlIoY, 1960
.. • _nicle,. or: ,.". otf..~ .1 U. •• ",,_1 f.- u.
IIU41h .r _ II.-' ,lC.oI. afl«u __U1,cU.. ,~_•




I. ""_1 .....ottl... My 1>a d.n d u • l al ""..,.. 1. <:...,..-
Mcd....lIlch p..-.o•••••hd 1tl n f..- Ue.....".1""
to ...,the•. Aa _ ~1 .,.,...trletl """ hlp.,. hUll"
"""'"ln~. h .. __I. of • U .... IU... of thb ryp.. 'TII.o flov
.h....uzll • ...,11. ._ I.U..... h _t ofte.. In the H_1l11 ."11", ud
proclltalo p'adual1y dd elI ......1 f10v fer up-."d d"""o.n_.
elth_1I> at til••."..••1••1.... Hoe1f. eM n"" Ie of the 0..,1411
....ld """,".
Tl<e eUa.t of the conttrtc:U.., "" eh aurf..,. profU., both upo ..
fOld _or.... to co..""..to... ly _ .......4 "lOll. ..opece to the 1
pt.fU., .lhth to the nctt .oct_ I" eM ••e..ca of eM eon.trIett.....
lIpo.n.. f..- th. COIlS••lcU "" It_ proUt. 10 of !I_I
..arltt,. 10 cllb ••at......lIe todU... - 4 .....eq..... tly e nt.
of to.. of n ....."UID' - en t than foc the ""hal .oad1<I01O. n...
baokuttn Itre.e ..., nteod foc .. I..... db..... tn til.. "" ..
dlr<lcttaa. At.-. ~ltnt_ polot, th. -..trletu ...d eM 0 1
ptofU......tecta..
"-Ie .!wI _trttU.... eM .........1 body of ....n "Klo. ~o b.
""..l.ntd, _1'." 4ot..l.ntl"" ocet... 0100' tIM otOn _dorl.. ,
...d ••"'.uCl....._ to to..~ III t"" co ..,un. t ..... 0'"
_trleoloa. At tbo _tdotl"", •• tho n to .c..l.utd, t""
-.oup 1"".Hoo4101l.1 ........nrr... 'TOfn. foll. u,ldl" _ tM
wtl..~ ...... _toct. to • <o1dU• •_.t 1 th ... tho ..ld." of
__I.q;. n. .p"". 1Mo_ tb. U .. u _ ..........odttt_
~ aft _lad by add)'l"K 1'. _laoal, d_tn_
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...ll tile _1 .....t_ or n ........ b..,.. r_.tal>lhh.d til tho
full....tdth .10..._1 d"""otn_. At that point. tho no....1 _4
......Ulct.d profH....,alll eotlldde. ".., d"......ttu. ugh 10 on.
of cIocd.ntd lI_ In ""loti 'M un,,1l" .... totUt 4 cn0<'l!l'
10...... ant .....U •• thll for tho 0".... \ "~'''" h.ca of .IuI ddtttoMI
turbulent ..1l<ln~ a ..ptld.rod I>y the ."".".'on pr<><eu. In tho ,",,010
backw e1, «1>0 eh 1>.""'11 eM "",,, pOint. at leh <I...
........1 d """"ftc.ad p,..,fn•• eolnddo) tho; total SY 10" h
tho 0_ III tllet fot no","1 now.
3.2 EII1I\CY LOSSU
".., .H"et of eha .""otelcU"" to to ca..... n-dlotrlbudOQ of
tho " ..uS!' of ."" n '7".'" ...... tho back,..........dI. At tile
ccrn"<1.cU"". tile n ...l. ODOtlD' 10 tll.. for 11" 1 fI_
by on .-.me ......1I1n4 fot tile 1mere.'cd 10 1m tho d-... .
...eb. TIl. t<lcnau tn OUt8:/' 10 • ""'01< of U .. boundo.., ~t'k
10.. en ~....d vitI> tho 1) u;>••...,.... tt tho ."",".<letto...
1D eM _nn_ nt..,h, .11. \" 4 _nuv 1"",". 1110 1-. e<oIO!'lnd
with tho IIOnol t ..., ... d... ,'l..ril, to tb. l ••""I..ld tun"l..,t
muo, could b9 tho dlffualO11 of thl lIvo lUI. II It 1J<PI<,dl Ine-<
eon..octlon. nu... 10.... lro opprold..tl-1, 1<1,,"1 to tho Iqua.. of
tho dlU.....o"" 10 ... lodt, of tho. lhl Itno. bolo.... -.d .ft••
o.",_don. 'l'IM. dHf "". 10 ... lotlt7. 1D tu.... 10 I fUDcUon ..f
4lIell..... _nottl uU... Idd tho ..._tty ..f tllo ......UlcU....
__ "'" "cn_d by I "crolll I .. dllelll-0P. I _net u.lu..tlon
•••10, .. by .. lAp........,.t ( -.l101od It tb. oII.._c Idd
_ttlU1_ 1.. to ..ro 17 1-11_ dI. 11.. U_ t ..~
$I r.u .,. ., $I 0' I ••• t>I _n.1, till "_ _t 10
..,u... Ie $I k ? __.. by _ ......ncU .
roo
3.3 IW[IHI,llI 1lACllIATDl ZLl!II'ATION
41tl1O\1sto It ...,. be dulnblo i" ........... to pUdlct the .....1•••
I.....ltudl""d prunt. of 01\0 COlUItrlctd flow tb~"out ."" baok_
"atn ned>, tbo 1>1""'", ""Sloe to _t .......11., <:'''''' 4 vi."
the ..... _ "".UI......r.... ch p","""ood b7 _ " dcU.....
ud it to to .t.. cloU"UI"" or Cbl. Ion ~ .....ut}' .11•••h. ,RotH
,..~ of .IIe bOob'_'", ••\OlIGO to det<o h """" d........d. TIl f .
two ......1'01 ePl'",oclMtl to .h. 01'01I1 felm<! tn tM It " .
Tha Un' I•• rooU... pn>cdu"" tile ..co"d foU",,_ frooo 101>o'''Ot,
............... __1 r""........
the ti pr'OOIIdun _. tbat .b. t ..ul _rID' t".. I" tluI
d U " ............ ...-cb en b•••p....cd 1..<.. ...., 11,upuciaDt
,_ U, (1) tile bo""dU)' Ioconee lOll. and (1) ~M
t..... TIl. _de.,. noeln"" 10.. to <_oted f OM of 1
0_ cbamlll now .q....tl"". d had h ",II•• of H fl_.
0<1<1 the ...1.._". 10.. t. _ote" t th Bot40-C q....U"".
n..... p.<>endl... "' t ..... .. IOttt fe. u~ _ ••n. tc
1.c1uda ..ot of .hot _ Ho.. n_ ,"IU... fr... tho ...Iu_~,
( .... IIOIlath ..f 'hi. n..,h h ..... trUt..l. U .h""ld 110. !HI ...
enn. h....n,n. t .. c tile .,.l.r_... 1".... '0 h of • ~IHe ... ftt
.......r of _pituda d "boo 1>o....d.q. fdctl_ 1....... ). tboo b..-da...,
fdttl_ 1.......... _~t.d .. r ... _Uo.. n_. -.I addad .0 ch•
..lu.._. 1__• _~tetI (~ tb. 1Ior>l••q~.tt.....
• ClAaan n._. n dl.tll tlIa .... rrltl...t of COIInac.I_)
,.. _ of tlIa.. 1 ..wad to _ ...u., 1__1 at _.n.
"".~. UII _..... ?_~ of tlIa -..., 1_1 It -......
•w. ., .. _lIleCu.. n. _..., lewl. naofanH • abom:
n.
tltot.,,,,, -.. ob. brld... 10 ....-l tu COI\J""~tl.... or1t~ .. dl.a~"
a' .,.eUtt ......,. to flu t1>e c:h"'P In pl.~t.l. 1 01 tr .M
..,...... polot d.. to OM ...... tnttt ..... ""I"" 10 ."" b un. to
.pH. of .IuI rat. that thor. to DO phyal.&! J... tUlcatl for til•
...~.l"" til•••M _tIP' 1_. CllI:l be dt'O'l<k" lot.. Indo",-d .
e_,,..o.l, _d t1>f; of • ""Uon n"" oq....U"" to nd , tb•
.... Iot.."" 10.. b "'SIO<l of """-tIIIlf.... n"". d.h proooclun
("...1011<01 on 0p'prolli..Uoa to eM b.d<><oul' tr "" Rna. ""Cllra<:)' •
uqulnd.
A ..... dtfttt attack b.. _0 _ DO. .10. baew..... probl b~b
loboutorJ It.... t _01 ..rue.t".... '"'"'•• Itlldl.. 11. bu ..
thd. objoctl_ t1>f; ,. uti _t _nUOI.IO<I of eM
__ ..,...... dUftft1lell 1Ht 10 1 ..,d tho. CODotri.t.d
loaptu<tl""ol "".(KIt profH.. , ""'I'" "' 11, ~On • abort d.......
_t...... r .... ,bot "....otrlctt"". Coo.ld bl. attenU_ bao bu"
dlntc..-.r. e1on, to ttt. l"n...."" of pin. -.I pl11"s plKo1d 1m tho.
.......need OIttl"" ...",port. for brid.. It""'"' In Mp.,.
n ....t..... Kudl of .to. ...Un .... rt. "" .Iol. ,robl ""...... d to
t!wI t.Ot•••uI>J.co. ~' ••_rl..nt.d_ .... Hod••d. OI:ld Uttl•
• f • _ ..t oah.. nault.d.
110 0 rt. b.. ,~d'" tftt U ......n. t ..l 00 tI•• b.Up
""al_r Ueal ••1".1 "" ._..U of tb. now 'b~
_ctI_1 1'ltU _ b••o 1 1o""d b1 u •.d....o.r ..d
eartn (46) d b1 U.od ,or. c _ Tl'aey (U);to v..
~.att_ ot ..-..•••• b1 Tl'acy _ c...... (41). tIll, Bu,no,..
_ n ... (48). Ito~ &<I Da11.n (Z1). -..I Btadlo,. (21). Jl.atll.f
no" ' _. l_tlpc:l_ IIaa to11...,..& __oiall,. .loa ._ "..tt
__• WIll ... _10_ of .110 1aH.....~__a ot .loa
_r~ '-1 at 0_~ _t__ct.. loar... _ aftn ....
u.
!lDlII••• htparbrldp """uric'ion 10 loo.atd at • p,,"d .10. n
to tb. t ...un.tt"" of .ha ......ct..... pn>totypo, _rlflc..ioa of <be
~"l"". at brtdp d ••• haw lnclt ... td ."•• tlloo b_at....,.
.._11,. ba ..ntdl.U~ vltllin .....OIl"bt. llootu. no. dUU"..lU••
'-J'ol....He: .....rtptt"" of <:1>_1 .1>__ .....-... An .Ul.d
•
, ...~ to pftU"Jpa d>_lto ... _ 4.....-apUOIl of tbe --..J.t"..aty
of n- n .. _ 10 ..,. • I tN _nt"u•. u t. 1" th... ......
loc:u..d 1.. ""_I. _.. mid .1""". Ev'I.. tor tlIlo ...... tM
perc<lnu.. of .h..",,1 ."".uctl"" _y b'I Inn """"zIo to ........
• .-ttl..l tl.... 10 tM Uo<:t.d ...tt"". Whoo.. Obi. ""."n. tho
..... trt.tl"" 10 ••""t 1 ....tl"". _d tb. ""un_ ....t p ....nt..
to Il>d4o""odOllt ot tb. d"""".n_ n .... te.dI, OIId Ito d'lt mn.U""
..,. p....e<t'ld t"", t,," n""pltt"" of tblt olre-ot......
'.4 ~ STo\O-DISCII.Ul;I OOROITIOII
Lb. Br'ldl..y ...d Plot. (48) h...... aloo .on.old'l d tb...""dltl....
tOT Idl tllo ourro 1.....10 I .. tlul _ _ <:11 b'lto he
,h" ot of tM td.tt"" ""••"" l1d by tbo hydr U.
dln••t ..d.tl.. of th•• po.U ot tbe dI_d. b"t ..... l ...t ..<I •
..phtd by • <!aom.lot _ .emu"l o. tr..... ld"" tl"". "lIlIltd
......r of l0b0r...ooy _ .. ...,. for tM ditl .........1."
.hey ••11'14 ... "._ 1" .top-<lliell.qe COl>dUt ..... 1II tM ._
n""", tl>oy topOnd tho rooul" of ••0410. "''101'01:0' ..... """"tri.tl"".,
""'" ....1... ,1'1 4 d_..• f"", tho o.h... n..,. foomd tbn tIwt
__ batb wOO d ",,00"'_ ft.... the """"r .......d.U""
....dol pa.U h. ~1 1"" of oponl ... ""dtb 'lad 1"".ltud1...l
.p.cl .
_<11 Corrt, d SlIoM (49) h ld.Nd tb........ "".N •
Ih,t tri.tt 'II_lOt ..,. ha OIl'" .b.... ""'" _I.... TM
d1.rlot"" of flov _, tho 0'''''1 Nl.t"- to '110 a .... of
...tII. ..,...J.... NhUft to _ total 01' 1.., aAll """ "" tIllo b.. lo.
_ "-<!arlo.. of th.. fl th_l .,p ""t" 1> _h........
...Ubll..hod. '"'"' d1...ehu 4 -""It.." d1 .."htl.. of _
































h"blatu nll<oU""" _l..,.d for lIMo .loKla op4lII.1o. CODlItrletl ...
... _Uubl_ to .ad>~q of • _h1lllA__lol ........net! _
_ _ .............f _ ..,&rata n .... dl_l.o .... on_ll••d.
to ... ..wM'
....rtn.....t1. ,TO_ h Itt••lad""l
e.Uh::i_t of _ttM:U_
u.
3.J VILOCITT P1STl;nUTlOlf U TIIII VICtllIT'f lIP TIlE C(lIISTI;ICTIOlf
... dlnct "&}' of pn<l1u1.., -at_tlun, til. YOI1oc1tJ dtnrtbuUOll
til t/\. nda.lty of t/\o CCIa.Otrtetl.... GoO<! _tvnmotl..... to tIM<
..locH,. Hold ..,. "" ol>tu.,d fnlOl _l to.to. 1M __••
..locH,. .,. h. >:oqllt,. ."reXt....d hp ....I.eU... h"""d• ..,. l.,..~
eon.nett e..lfld...to In .Ioto ""d orlfl"". 'n! ,1Ylt11.. fn
''''""1'1. h,. (24). no. .''''_ ....locltJ ... ol>t&l...d
co.... I.U"" nth tIM typ& at .0U undn tllll h~ld... Such.
u1l1. 10 &1_, f ....._t. h,. J.~ock1(2J).
3.6 0:;10" f1I IIlGII !lJlJUt.IiIcs AIIIl tw:OItttNDATIOlIS IlICAlDIIIG POSSU1.B
"...=..~
wlt/\ ":IIanl1... IIdf ....1.. of U', 30', 4J', """ 9ll..... n,..jt..,
IrJ a..tun'lldl(26\l0 tI\tI .tI...."" of • h'l' .u~b"",). ,"",•• "".t.
10_1.,. t. of t!MI o","~ of 2<11 _ t~o __ ....u..l t_..l .......
l..Io_tt, 10 of ttIio _t of UI. TIl. pOi." of __ ~lo_
".
.. tM n ... , _no.....n ...U .... dlltrlbuU... of
"","ale,," b tty II aru",U, obUl".d. 'ro. tbtto. ._rt..ontl
it h ""'u" tho. tho _'" h ity of .u<t>ut...... to IUptl,
1.&0. (u lbr ."" _ -.-la., ""Uo.. dl~t11b1ltl... of
d.- cun,,1noI tat tty I -.no ."PUl, neat.... for tlMo
_lb.....1... (til 'urtul fot 15°). U tURfo.. _ ...
tlI.ot tlI<Io plddllMt to (oU"" t" chon.... _ udl"l."". !oU'lillty
11 to ,ron_ wi.pallo rith ....U ..zp_l.... "".1••
3.1 CLloUAJICIS IlDUs
ne .....·U l .1...." ... _ ttl. dewlU"" of tIuI duI", fl_ to
.....,,1' chlte""'. !l7 tlMo dnf. potuUal at u.. bridp lite. Pot
......... dtlft dIU""......1... of 1 Or 3 fM. 10 ""11, •• J.....8<I.
n.o lat........1oo1 at k_ ,loin of tII.o hU.. U Uy
oloUt1I1".d by eM II.. of poUl>thl dnn; I..... t 111 ".1>1...
1...... OfI01I.ill," to pu. t1>touF till brid... Moot hlp.., ..., • ..-U
...........I_d at do.d 1,_ 1.....b. for "o."lttl..... 10 thdr Su••
_ ........,meal .
3.8 SCOUII AT 8lIDC1 Sm:
fbo 1lr<I••olit cIIIe1p "f • hi ......, brid.. _ .. I Ino. lubJI.t to
floo<l fl-. 1_1_. n. _lclar••lon of oM _OlblUty of .~.
tu ..pJ.tltd<o, tu Ukel, -'f.et ... tile nel>nt"" of tlIe n....,t"..
tf """ cbedted, ad tll. _t eppnprht. _t1>od or ""1ll1ll."", lU
.ff.ct.
e-eerlctt... • r eM n .... or ••n eooe.d 1>r __ _ ; aU
or pt........J.U 10 • riM 1a the ner 1....1 t-.lt.t.l, "Pn....
• r tbo. _tr1ot.l_, _ .. tao to the It.....lottt)' 1a the
_td.-.. _0' .... at n c....tut... _ Illper
~...... .., _ "" ftfflcl_t w p"- .1p1f1ceae ct......._
n.
of ttwo bl aa 'M nn.. ll> ct•• of flood, tlHt ......1,
11, d _locHl.. _, pNo!""'" .1 '<:ourl.., _01_.
pnUtul.-.1,. .. lb. " of al>"tooo ODd phro. ""tel>
.,...•• , ...thl or ,_t colla,•• of tho btU.. It~tu .
r.. ell, CUI of ••hort 'p"" hUp. 'M leour offl.t lat .
lt1th u.. .xl..,. of C<IDO.rltU..... 0.. ,hot tho ._. (ud p ...-.dl.,
,lui _no ."""oal...n ttwo brUfI'I IUu....... at • , ..Ut.,l ... ,lo.
""" ••r to flood leour. the In..... to lIl. d...... of flood
d_.. d". to • ....,r.
'req,,".t1,. tbltnfo.... tho d<oolpu'. ,_1_ 10yoln" tho.
dot.no1...U .... of tll.e 1><1d..., ... ""tell. ""en 'M eoe' of .eou.
,routtl"" 11 t"'!I.ud, .u"Uo lD lb. 10....""U,. ufo ..rae.......
If oc:e..... till dtu.ttl ... to ooUnl, diH...... (~ .1Ht
__ dlll ,U.i th. n"" "",.tam h ,_loed, d1ft.nnt _d
,I> 01.1 pn>l>tno 10 dlff........ no....,'" It I ..... (lO.3l) ...d
at ColorHo SUt. 1I1l1:_"lty(]2) l>oth hdl..... tho. henoen vu
0" U ....... to "0 .u.....b1o vUlt , """ftoSeuea. Tha ........
nU th. hiat> ",,1_lty Jot an<! .h "" hlp ... lOC:ltl.. t ..
d1u1l""u. tIuo ... to .... <ll.tut!laa.... _. t"" ...fo... th...._1<1 bo
.... o.dd&d lou (l',"""o1>t, of tho o~clu of <>DO ydocU, ""0<1 •••""
_.). 110.. l tt..... ,'"""."1, .... tile cI" d n .........dUlou
claomot.._ f _ "rldp. tIuo flow 11 .....n d to t"" ""......1 ..d
of.... _t n, ..tun> to tho flood 1'101..~. of t"" " 1:0
_ rl..tI>_ ti"". 1'IHt d-. for-u_ ....baD !HI 4Uf .
".
_ U. ..f.~ or ....u ... __~ tIM t _.h1~ ..
t. _ It&H or .... ril14 _. n.o ,rtflel,.,l <Il.fUulty h ttoh
__ n •• t. tIM 1_ ., nH_le "U _ pld_ for
, ....iet... __t of .00... _u Ii"'"'" ....101_. _ for _lIP"'"
_thoU of t.1I11 or ..."d t •••n.cu. 'Ill..."atol ,ftII>l_ or
••dl.ot nol....... &Il4 1 _ hall ncet-.l e:-alc1oul>1o .....1'clI
........1 tIM pUt tI\1fty 7"..... with ... yOlt. _1, 11ool~
.......... t.oe.l • ..-. U hrt... In.. h. _ ... ...).... of lao-1..
\.oIlon.• ...,. _ fld.f. .bOIt•• .-17 ...... 1_• .....-. _ tt..n ta
.. ,.. Urd.......__..U_io for ••1........
'.I.J 1'O$SUI.S Ui8JOS rn UllOC~ !IClMl
lIDo .1'*"o .r _ "rtd._ .cour ot..u•• 11 tlMo _-.. f... ll>1l1.,.
of .por .n••••".el••Il... "potn_ r ".U.. abutMato. 'fUIO
4t1'...... uu...... to ..1" _ fl"" t boo Ion......u",., vt~t
........~t - ..au _ ""~ - of _ut_h' hlp local
..lod.Uu. 1a till.. ...,...... oc.-rlJt& ..,01__.. to __
_ .J
... __U 1..0 _-.J.oIl_. J. _1"-.. Of ... _t .-.Itolll,
1DcaU•• f .... __I... of _ "'_. _ of ..
_UUU_ offeeU tllo7 ,_ b tdoelq <100 '-" 01_.
-.1. _1.1 ... "ttqo ..1_" .. -.. _fl_t J U •
U ""'"11' ..1<01.
to .....~C .f _I... f U'Ilt04 ut_t. ,.-.. t ....~...
or 'I" locol ..1oc1ty. no... _ ...11, .... b .... 'O'ld.olty of
_ ....... b_ .....U"
...,.n.to. f ... _ .........., _ u to ,._ ...t .. __...f
Ilt....I ...IU.. b nl........u_. _ -... u.. 1....1
...... IIltao "ddpo of _. u.. 1...1 _1ac.t.,. _ •_
_ are <no.... _ ....I' lout .... ••
l.'.' _ at ICOIII
It _ .. _U 194' ,,11'0 • <l>eon.t ...t .,,_ __Old
b .... I._U..U ....f """"" .",••, _ , .....1••
'rUn,. • pt 1, _ Jody _041. ""l'oU1"
~o&or7.m)
u-_ ... t
__ ....._'.._ .. _ .... t& .U~_~__
............ 1 __ _'1 ....._ '" '::~•
......._CIII..... _IQII"tIiod!lop t I' t&
r CIt) .._., ' ... ~ _lorIo.
.".
'oul u .... 1.0 tile caM of I.....,. )rt._. __ of ClIo..
.,.,n•• _ 6tptlt. of ...... bolo M1cw _ ...toor ."rf_ ~.) ...
_IU,loI of ~'. nat- ..do ~L) t. __uoeto'
for .....,1•• tH Data .. IloalU 10r-l.():)1Oft. of _
0•• 1t ~ • " • 0.41 (Q/U1/J
_rot II 1.0 do- total. n .. ro,q, f 10 ~'••Ut f<M:tor, _
" 10 • foe..... nqtq rr- I to '. f, '... __ 1.....1
_trt.,.1 to... .t.= (n) .. _",()oil .1.IIllu1J' nlltto
..u.01 -r.. _ n ....1oc1ty. _ ....... _11 ... _ ........1
n .. _ tII.a 1...tIIo 01 tho .In;ocU.., .. ......,,""". tIIot _
-S_ '.,tII of ••.,...... h01. IHIl.. til. otrG_ Hd ..,. IHI four
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P'n>ut:U.- ,_, ._Ud at '""" _ ......f .. 1:1.....,. .._
......... J•• IM11
(42) ..1totdlo. J. I. "!loo U&ec .. f ...... Dtbo _ n.- .1_ TIl........
Irtqo e-utect_- '-t ._Ud ec. _ '.tl_1 e--U_
..f .. _tt.,. Sod.tJ .f C1Y11 -..:t_... _e. _ •. Oc.t IM11.
(l)) ...--....,. -e-....ol of 1rI'" _ bJ ...... Ill""" 'ntl~...tOl'7 •
.....n 110 ZIO. H teMp UIIl Uy "'" I96Z.
(~) ....,...Id. L. I,' Vol-. II. C f ..ot..1 ''''' UZ. 11. S.
_1eIIcd ......, IMII.
n.
(4'1 _14, •• V. 'Tl_ lIo.l_Ct. for 1Il.p..", 5.rucnono,
c.oot ......t,..to. o,U_ ~.l... "DOll. 'n<\....q'""l_ -.I
..... 'I,. ..tad_hlP". tn"'qont...t .. of , .....ey~
C U11m lIIoI:l_r. 0..._. 1. ltS6. po , ~.
lUI ~...t. c. I. _ e...Ut, •• 11'. "!'r_"n rt_ U""",
(lpo= 0 _1 e:e...triut_-, Tr_. AIC'I 110, ". tss-ttZ. ltSS
(47) ~...,.." J ... c.onor. L ...~...r Uface.. of a,.
~I CoMcrttU..- ~. uca: no, "', ")-\018. Its5
(U) U., •• L; _Loy, J ••• ; PI"too. I. J., _OUt I:ffotU
ef Pla.. _ ill mea".· ...,.,. ClIo U ~ \D. Col",,_ SUU
Vool...nltJ 1"'
-'~.n_.J.;eurt_. Po •• Jr; _. J. "'t-~
o,euq I" VU.... c:o..uttU.- a•••c••. ""la' .....1,.
'_r un =, 19,n.
(50) _t"ta, II. I. "s- ,tat. -..-t. of -. at h'Up .t...






lIlAllLn, J. I. u.. or _tc- l.!l D..-1&a or 1Ilrl4&. w.~. hI>. _ 'r01. )0
.... 10 OCt. 19". ~. 22l-4-
.~u- ...m." con __ D:l.w1a1Gn of~.1_Bv. M. __
..........." oa ~1.1.. <4~"'" ,.....,.,.,.4 ..,. lInda-. _ at brl4to abao~,
_ ..-~... Mt.lIIocIl tor o1J,n1a~_, .......... ......u.t.. -1#1
1At_UoIo~.. _ ,.." ..Uon of~ ....t.w to ..~~l dou
PI' te4 aN _.. 'q • tool .....t.w _. lM1Il& ...
fie.14 •• =n.-, f'1'tI. 3lllP". Illd. 1960, JlI:. UD. For. __ .seuu.d~...
...~. "Ilt'dI'-U". or~ .:at .......
8"::W. I. I.,~. at~ ')I.Waql. II.S.!Iep\. or O__<u,.~ orhbUc.... ...."" 1'r1a~ O1'n.... 1960
n.la report. &1- 1M~~ a'i.....u r.. 'ri4p_~ _lan ..
t.,.. u.. -...t.U.. or tow __ • ~. oM u ...·Ut.. te~ depu>_
-.." I 00 ~..... ' _ .... UlIISt.rw.u.. pntll.. "" p __ tao- --.l
c ......UIc. <ll&ol -...... _ -.1101• ...,Mtrtc _.1Itc. It.>noo.l ltat.. dl-";••
...,.l b&elIw.t« ..ith _. n.o __ <>t -r-<Unc u.. 1IhNt..- .... buc~
_t.1n1r on~ u.n.. ......Wd at Co.la'Uo Stoot. f.tl1........t¥ (_ u... Br~ =
flaw)
".
•KEaat, H.~. lIt..,....\.cIIl on .80._~ Eft"" ........ OpenC~ C...n...let..iolu", Tr.....
~'lCI. l2O, ImJ-Ull7 (19Ssl ~
lb" oJ..tlWo • liSa of tbe _u. ~Uaa MIl tbe al*'JJ'U -u ral.·U...
both b _.lGftl.eM fono. Mr. »-orr -..un. ~1J' •~ ...llIUoe for
tIM _to.' ...Uo. u.u. .um",o.u'1IC tbe t.-tal __ UI1cWU""r~ "" u.o
~ of !'nq _ ean.r (_~ , .. T. Qo:w. Opon c..-J.~.. p'.
l1~)l. "'" oft..\ of u.o ...... I 011 U. -.-.. of _'- _eod ""~
-.. la \bo _ of .-;--.1.. _u- or u.. connrlooU08 b~ to tbI
.."", • lilted .. u.. ... of -.,. .... Ur c..w.cUnc n_ <I U.
_U1.rUaa..
rn.uo. C. P. Db......l"" ...~~ bJ' c••. 11Nl....1M' ..., •• \t. eu-t.....
n-...... ASCS, '01. m. PI. 9ltJ-f9. 1'n.
no _I...u of 1~...1.a" _ 1'I'ac1 ... "'Il-1JIqIJll n .....~~
CDft8tri.Uou·....... u.ttAd t.o tile ..... of • hor1._t.a.l be<I. hloU"<! """,_a 1:11"
~. to tho N .. of 8lo~ "hannah ond _l.nlI ._ of ~s...Vt1 data ofTJo""" om e...t... (~t.er tttool.'l or~e1 COlWul.U.,...·) he ._ that.
tho bI.....w .t \.be conltrleU... Dq be .:JlF'I"'oO!d IpPrm'."WJ.:r ... the pooduot or
.....lodt1l1._ (flIloelt7 at """'IJ. dopUl 1J'J d_nn. ...Uon of .....t.rleU...)
U- ••oetn...l ..t vt\1c1> d~1 prl.....U", on tbe ....tn<:Uon ....Uo ot UIO ."""tricU...
l1lw... lind....."" ""'" Tra'lT ,,__...-4 lIltb u.. probl. or ..t.1aot.1.nc t.be <11M .
r.- t of wlA:r 1ArftJ.a 1D tbe 'I1c1n1t7 at • _1 tJ-lct.1oII. hUJ'd h
__ >dIll. tbe .......... pool>1_ or o.ur\1n£ u,. ~t.w _ bJ' •~
~ .......... n- ••D~~.
iU ill, C. P, ou.:-l.<cl ... ~tArUtooct.o or ap..~ ea...trl<:U",,- tlr
L J. Tr&q' ... 11. '. C&rter. 1'_. "XlI lCll. UD 1lIl. lllOI-U. 1955.
'!lot "',... 1:tr Tr&q ... C_ U~ rr.. U- ll.~ _ ~~lnl
>fdc.ll. u tMt. or ...l ...bl1zlC _ ... _"-' lIl_U__ too r1.oo1ll or ...-1._
tr_1n. .... U- """'a-J' of u.o t1oo<I ,.... ..u.o~ ill MJAc- bn_ tMD _ 1
ZlS. ak;iIl~Ucr.. '""" be~ 1ll \boo __ ·'..,,·U... '!lot toUovll-4
.loopl1t1MlUG u or.p,ud tit" 1_. hIloocl1.llll a1nor etl'eo:le(~•• _ ~
or e...lr1l:U..) lI>e ....Uo or tile -. b&do:w._ deptll <>pel<"-. of the e,...~
U- lO tbe .....-J. depUo 1.11 t.l' u-~ e_ ATq be eOl'Tel.al«l. lO the
-uul1on ...Uo _ the rel_U;r I.-.:t 1.11 t.he _trlet.eel _tlOll. "'" TOIl_itT
... 1.11 """ e"".!.rJ.ol.eiI ...~1"" h __ ... the ......t. .......t. c1ept.h.
UUID. C. ,. UlIl. 1JU.DlBI. J. I. nllld ....-J.U...U ... or _eJ. t..al. on n"" u.r....
~ brl.cls" .,., ulftl"l•• I'r<>o. 'I'UI 1!7d>'. ContI 1_ Inet.. ot 1!7d>'. h ••
"- 1'•• 1_ Cll7. I_. ~t.el. Unbara1t.:7 1_ 1959. Ill. 225-4). IJQl lJ-4f41.
"..1960.
.. _ "'-'"' ..~ <II orolOt.:7Jeo _ ... ><l.1Il ......,.n..od oal_.
~... ,... ..-x wn. tw __ 0--. tlr b1.rdlr*e. ec__ .t. tridp._ "'•
.. ' • tt n • .....-sau.. ., coo1_. e-p.t.o,cI _ _ ad..x-., Uoa
........ 1.-1 _ .. """-'" , 1.e et_ t .. _ at_. _., ellOll
_ .... , ............. ,,-,,__ uo.".1.M ~uUl.
--.c.--
nfit. ~,r.... c•.• 1 ~IJr'I'I<I. r., .J ,"" .. I. II. J. -ca..~..~"'" oC' Duo.lI<>:'<;."~Cen-
....,.u."".. ~ _C~ :w., 19tJ.
nw. t.,.,~ &1_ .. _""'- r. l_t1Jlc ...bcriue..1 PMk <Il.-oMrpo It_
lr&cU,.. bo;-S .. ~tOI'7~. noo 41.""""~ .;1._ ....._ ..~".
~ ..-..lido ..". ~ ty,. _y 01 ........ -u Lbo __Ual .-
-u .. " .. p'l.e rae p •• hll Ulo n.... at .. _too"'U_ "'",~ .....,
the -..-u- ..uh. t.boo .-.LoU...~ of _ •• Lbo ,.-. __ , u..
_ ._ fl",. \lito ••_ cbMt_. u. _hril,T ot u.._~. tao -.lAo
~ n . Lbo .1<lio u_ ., Uot abD._. u.. __.tr1eIq- .J __Irle-1.1_. u.. rt.... _ ,._. _ lIirUcI" pUAoo _~. ftloo,.n...,. ftri.:Ibl_ &f'O
___u.. ...1.1..... tM re.1<toU..~ or U. --.u. __ -.l.- .I
_ d1 t • _noUd ....~ .r ""~ .-r1ab1.lle .... et.- r.... _
"- ot e-.n'" 1) _U-I " '- oad .,.-u-l ._""', 2) 1Il0lJUc
. , ..u-l .~""; ,) ~ ..... '" 7 ,. """ .'........~I
4) 01 t.' ' .. wttll ~M1 ..~ nUl wIIIc -u... tItoo --... ....x...
ot \lito~ _n.d.., h u.. .-l~"'" • ..0-_ •....rtl_.......1I.
~. 111101 .11 g' _ 10ft•• or. Lbo. '.'. __~. too obu.1Jl. uw d.1..._co .,.rI1._
n.... D_Uod ftA1d n".. --"........ "'.....
_ WI' 1(\ ,,- CU\m'. "f\:_,q..u. n.... u....11&11 Opon-C""'-l C....t.'l..
1.1__• '''''' .. -.r:r tnallOliu.e -*1no1 c__ Y_ T. e-, .~. or
(Ipn~••
Itl1ll1'fATll. c.~. ...,j (WlT"It, 11. "., ~'law~ OpM-ebo.nMJ. uen.~rl.t.1....••
_ •• UCI UO. 95$-m, 19S5.
A _~l..l~ or. ....lolJ\& UtI 4l1doalp _1.1.., t .... ......qod.J n- or __
u.ra..p .~ ""-1 _trlcU_ ... _,lbC., u.. n..ou-l r.I,u.-. ... _
_ u.. -,o.d_ of d!.Khat'p __ p-1DQpa1 lftll.P"l_ ....1.abl.. (~tt..,
...u.o. l..u> <It __U .... r- __• ..v-~, _..,V1otl.;Y or
'$ ''lC+ ~tl' _ ~..u..) 1:1~~ dal.o'.~
......IU_._~ :..1__~~""'.c:u_ 01_,". et,_ I _u~
••__ r cJ ..~....... "1&11111 UotI Ua1\o '-- ~ .. $ t.1... _
-.~ ...Uo~ .-1\0. ,-. __ .... 10. n_. _ oa.
u.. lU._ .... \oF e. ,. r.-. (_""",- bao _. c:....-l.~).
1M>, • "bv...w.\o .. u.. n.. -t ,_~ e..woc:tt_ 1:1 _ 0,.. etNr J.
tl-ozoa....'1(:1. I). 11,", (1919 - 1",1.
'N. 10 1ir''"h1T tIM u t. lQ«o.tMr .bIotJ ... _ dl..-l _t.rkUoa 111 tIoo
'.s. fto,..."... 2 ;:no IIlaIoor t.__u.r r_ 1.11~ _t__.
rw.. .... UalW4~ ot -..,. ~....... _ til r_ cIlrr_t
n- _U..... -l¥ .....-~~. """'p ode- pl/'t••• _ r1l.na. ,toIt.:1rl
~. Coornd...", of d!.04Mo'r __ nnt. .......t..d ..... 1\11 D'~_ .....'. _ d&bt.ci'.
tw, ..., _ on \bo __w ..to •~~t1on or _t.n<:l1a>. ...........011....
fto l'OOIIJ.to or rL- t.ooh ' .........._ '" dotoU and 41........,.
~.
lIAGU. S., Oro u.. ~_l<1ft&1~•• or O1lCId..q __oW<! n....... IIoodU.Bl.NoclI.. ~O"•• 19"'. 1',. 662:-13. .lICR 1-18109
_u.. or CCIII.racUon 1A _&l:r' -.tncuel n- 111d~ Ilr _ ot
~ 5l • Clw1Ao,,"rre1 tt •• S"",,, 100 _ t. n- ._,. • oad'.,1;, _
p1.p11 at:d abclld \hat~ • ..-.:l -.-. !bot 1lOO'11.1_ at -.~u 111
'JlIll"<Il'iaat.~ &1"" v1Ul d'""-1M.Ullol. of u.. -U0nar7 pol.D1.' of ......-t.c t..
C..-.- ...u". tWl bt' fllWld tv whl."" ""r1.,..;"ill .-.nUll.
tuer••. ~ •• C'STEIl. I. ", aoo-tc- ur..te ot Opoa CMmwJ. CGn.ot.r1eU"". Truw.
CJCB lZl, 99'3-lCIl8. 19n.
A _tbod or ee.put1.ll.4 Us b&eJnoat.6t' d~. to ....... oMl>Ml o_triotian 1. pv..,.
It 110 ...._ on .p1rl.oe1 dlocM.r!'O _ft:1cl..1A aJIII "" • 1.abo:'a\o'7 1nnet\.&aUCIl
of~ _po, _u-I.cUoa e-t.r7 &ad 1rItl>I..". at-.t~. '"""
MlI:U-. lJrftl.- ~ ~""'.1_ or ..t.w ....rw." d"'S' u.r.-. U. -..1.olu-. _
U>e..- '_Ucla or. r....l.e'..u.cll ... tM ",Uo or _ter I.o ..t.ar
__r.... drop. :n.a ..u.. l.& -"- "" be • holoou.a". or CIbanDd. -n#Do", I*' o.,~
or ctwlMl CCflI.nCUcn. aDlI C<>Mtl'lcU""~. s ... lIbo u.. dbco•.ton l¥ Is_.
C.<:lap\od hoao authar" IOp>OpoIh).
~, II. L., Jrn5!'.l1, R. A., DAt. r. II., P.OU'lE, K. D1ttll.1.an or OIl_,ged ~t.o.
TnnI. J,SCl ,al. us (1950) PlI. 639-477.
n.1e po.pe1' ~eo.l ....Ull tI>o t.url:u1.oftc. l"' \«1 oct tM edl:l. of • !'I'M o1r .l.t
l ..u1J\I r.... orttlo.. -.:I olot.. IlMult..o ...... 1I1 "t ._...,......,U ot tho dbtrl_
wt.1an ot toM lall~1t""'1na1 ft1oel1;T """ ot twollul c-.,t..rt.u... or partie-
l,uo 1n~ \0 bt'1d,p tvd...u.ae. b tho dU<:tl~o1"" "'" R. R. R.,.,- (19SO) Otl n""
on<!.- 101I.d.•• ",!.eo.
AllC!Illl, IT. II. ~1lII..,W D.h,,.1Mtl.an or La". of lloa11 ~.. to SloI~.. EnJ,a,,,,,,...t
in I'll'". 1= 'fl'ano. 'al. 7'6 (1913) PlI. m.
_ .. <IXjOlUlOlon ,,,,<ld 1"0'
h • l.m :tr.l _ '!Ip211.919
~
lILAICIlET, C. Sur 14 1'robJ.... ~•• R...... m Iln _. D. ::luu'g. IT<>dldt.o "",,:r.e.
Sl,D,gu1Ar1tb. D.... l,e,.~ £t Rl.Tflo.. 1Iou1ll0 Illonol:e 110. 1, II..... 1945 _
J .... 1946. PlI. )~.
'1Tabl.. ot l.urlNl -.:I 1".. at h..d """",,,," I1r abst<'uaU""" .in a"-nnolo and
,b.... ; I.w"bulonco rel.a.t.od to 0 ot .1*'1.t1o .....a; lnflu..a. ot .U1 ot
_01 __ at t""tnttlOll ot 0 t1on ...... on ~1noUo .''''''1:1; ,...ult. of
otlOll;J aM bo .pplied onl:Y to c"",,,,"l.o or r1>'.... or .t..,bl" boU"" I'I<>t 11.1>1. to t .....
l\II~1u·. ""'" ltqp'. lrol. U46 pg. /,211.
C!I.ITllR\'3tII, II. C. r1O'o' C.......ahrl.Uc. at h1.,-otr1o P:xponol""'" J ...... or th.
~..u•• ll1'rlsl_ oClC£, Val. 89--111); ~ 196).
C........twUt1.<>. at n"" tor tour .b:'upt _sl.... 'o'J.\;II,.JsoU ""lI1_ ot 1", )DO,
.u- _ '10" "".. _ 4~ 1>'< b1natl.... of rt>ltJ,yt1u1 Arol ""P"riaonW _.
11M _t_t.1an at _ -e;:r. tI>o e. at l'O'-.t1<>n or I.w"bI>lon<.o, _ u.. r.te
<4 d1011pt.l<>a or l.I>r~ • ..-e;1 d.tal'l21na<!. TI\<I nallooted __10" .....w.t.o
tt- UIio _ .tucU........._ b7 1ndlpon:lont _,_to 1n ....t..-¢~
"II ' ',. 11M Id,n.ul _"'" at tJIo _ ..U ..... k1neU _ ot t.ID'IItIlo ••, _ ......
~ """ ,_. pradllatian, _ turlW.sneo .""""" .,...._ 1.11 tbo t_
fII "huen d1otrtwu-, tor all _1"" ~o.. _ loooo t!I "_JOt _
.so. b _ r- atho_~ <>l ..... t.1mo, tar 9tf' (hoU 1rIt1<» tho '-'
:a.- itt ........1,.~ to Utot~ 1n tho _--""" <4 _=,_
III •• _ ~ _qt. _ no Mm. 'or.o! oa1To1. ( p. tIO """ rtc. u,. fbo
'.hM- ............ 1..- 1f1*' '. i '''' ..Uo 10 ?1'" (Po 19 _". ltD)
::.=~;". J • ~ "'....... h••~ .• ""Oil, J. (w..>.>/ n"" thrOlO&h ~~ 1n ldth
Can.trietl..... \!.ter!lli"lp1r l'ape~ ~. 196:<'. p. 9l~122. plata•
.,law pattam .t conotncUoM ..11.1, 2 t.o 7 _1tIll.: l.obo""t.orr CI<pOr'~to
oM .,.),pi....... d1nac~ dev<ol"""ont or -tIIocI. ror c_t1>\B dl""1Iu~.
Uu-ou.,&tlwlUpl. openjll& cooo\l1.c~l pport1cn1nj,: p-. toteJ. dl..1Iu1.~
• .....-al opomiDc. onc1 ",.od1ct1tll: _t callOc tIT .onotr1ot1....•• Ilnv. W"" 1962.
lll'U&!:E.~. e-~err;t1""", SIIr '- D. Bouch.. 0.. ".uta~ 5awo 11<0>,-.
Anr>oJ. . 0.. """t~ h. Cbmo._. Vol. 129. 110. 2. 1lor<l1t--~Jr1l 19~. p. 1.4l-61.
"lfd... p"..q" _ ... ......u r"CMI4 bridI;e.; 01... or _ ..._ 1<0 otton ""'....
cUaonn_......... ro.....u. or .&loul.oUon .... 1.<1<> ~teh ..rll\:r r&<:to~; 1t \.lI
r ..."'~ that ~o1bl. hctGr or 1M1Aon•• of ...._olen Mould be de!ltIed
b'· -td~.1n& poao1bl. dMate d... t.o lnIbo..-nonl elOl.,.,1atl<1ft11 o!lco<ld be bLaod on
nood .....loIti.s. 'ala<> law or WI. Yalu..., _.ti.al .ppl1""'tl._.. Inq. In<I.
1959. r, 171.
C;J8lrt::S. J. c•• onOll. J. R. Two-l)~OMl.onol Contnet1n& ~t. Flow. QIIaM.. J. N..h.
';>pl. IIath. 10. 1. 21.-41. ,"". 1957. lHR :lOo-29S4. S.pt. 1957.
TIde I*]>a' 1<0 F1-&r~ tor w1J>d~ d••t,gn d...t.1n& ""til. 1'"t..o'\.1lOl n.-
~ -...db...-\.mlal cantrctl."C cbaou>al. of t1nUe 1.en&tA. lIetl1«1 of el1.oWIaUnc
._.. v.1.oc1t7 1:"041_ 'lon& "".....Ill wall ... pO'.1Ietlt.4 1n V ..t bt.&ll. ~
...-o.ol ..-pl. 10 &ly....
~l. ~.~. D1...~ulon an Sllblc'rted Jete. Tr.J1 .... tl.on~. J.3GI. Vol. US (1950) P. 687.
ndo b • ~u<>....1on t.o • POP"" Iv II. 1. ilbon1;o.... I. B. ou. R. ~. J_ .....
K, aou.~ <on dlrCllo.l.on or "'_l"'I .lets. Thor .rreet ot _1lI"l' ._1tl..... <tUr~r t
h-a the.. _ 1n til. ea1n peper .... 1mMt1l:ate4. "'eM. r.... the oue ot tho n_
1UIdw. olll14 ,..too, .... the ert_ot tho rr.. .....1'1.. 1 ••• varltatlanaJ. .rr...t <>nd
tI1e P "n... et 0 a<>lld bo""""",,, 1••• tho n_ n",,~. 1Mteai or 0 plan. ot
~ <>! • t.......n-01-.l .let
Ib" ''So~ _1...1"" ~Ul _two•••.,.ruc1..t.. tor t.hOI n""...s...
• lO1,,"e pte ..... sl'" 1n _ or ~ .u.-.sl....un pte OJl""1nc, e d~1onl...
MU.""t.er d~ erG til. or-ut•• '1'OIO:1e ...ber (~. )S. p.6'/1). 1t.e _.lon or th.
Jet; (>old.Oll 1. lJalte4 IV .. t1xe<I lower _"'7 MIl te' • l'J'M .....l'Ice .._ 1>:llDldu7)
1IO ....t004 to line e .lope or 1 on 6 APiA 'eotel;y.
~j_, G. I. IhrG' to.. 4-.1.ot..ol 111\11 ~_'" I'D" .,uno. 111 1':1._. t&:8•
......,. "P"~ lJ69~B-l961,
Ia I ...1_ "Ub GSG5 .t.uIlr of Itr*e..llu of l:ir1lIco ..'-""""•• UplIr'1-~~;~UOtl of * n. of ..._ UIrooCIt .bnpl.~. -w_
_-~ --. ..:rr'. e\-LoorU.. to po1A to ...~ ot flo I l'
."=1' dot '!" __ "'.:_'''b..~''. ,.,
..... " .1'........_~_ .... 7 , ",-
- .. "._.
n.0" c__ or I':lIo-.'a Lo er-~ )1> Ut<!_ IIltr.....\.
u- ~ If!l-. •"0 'l'. 7)7, 1'''''.
......1,.. -.. -.I'Mloon, "-' i.,-tae • "l'1N .um ... u.o n.... __w-tnc
_101> • .. _ .tnu-,., u _ 1"OIAt.L:a&l -U-~ _ -s-nu...
•~. II. ~~.r_tl""1Il __ ~ _u.... '" "-l.r\c' 9th lAM. CooIf.
"UIl'IlJ<. 1'16l
•• lnWcr.tt" «I' '..l.'" or _ ....too. _ or _~ """"'Ill' ..... _,.,1nocI c.... u.. ..
-et-d<ll>ll.l n- ..... A -..1 -.n. """ .u..u ... 1. &tv"" "'" I.h oarloU...
~ UI ...... or u.. t..na or 1lamoIIl11 _U.., olOl'lf; • Itr~ln. UI dlJ'le>' t.be JlI"a.17
... ,r u.. -.. <>l ••",""l.Or!.
'01_ uWbU.- ._ or '_ u.-.--Uoal b"",,- ... u..~ or flow
u ......... 111 til _~U1 .tdt.. ot C..,t........u (1,o).
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